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To enable design of Flibe liquid blanket system 
in a helical type of nuclear fusion reactor FFHR, it is 
indispensable to enhance Flibe's low heat transfer 
performance that is unique to high Pr number fluid. In 
this study, heat transfer experiments using high-
temperature molten salt HTS (Heat Transfer Salt), which 
has the equivalent thermo fluid characteristics to Flibe, are 
performed to evaluate its fundamental heat removal 
perfonnance and develop efficient heat removal techniques 
for the high Pr fluid by using heat transfer promoters like 
pebble-packed bed tubes etc. 
In a molten salt forced-circulation loop (TNT: 
Tohoku-NIFS Thermofluid Loop), it is possible to circulate 
the high temperature molten salt such as Flibe, HTS, etc. at 
the maximum fluid temperature of 600C and at the 
maximum flow'rate of 20Llmin. The TNT loop mainly 
consists of a dump tank, a circulating pump, a test section, 
an upper tank, and an air-cooling tower [I]. The high 
temperature molten salt, which is melted in the dump tank, 
is filled up into the whole piping systems by pressurizing 
Ar gas inside the dump tank and then circulated by the 
circulating pump. As the first step, pebble-packed bed 
tubes (PPB tubes) are chosen as the heat transfer promoter 
for the high Pr fluid. Several types of PPB tube with 
different pebble diameters and materials are adopted in 
order to evaluate their fundamental heat transfer 
characteristics and develop an advanced type of PPB tube. 
The diameters of pebble sphere, dp, are D/2 and D/4 (D: 
inner diameter of pipe), and copper and stainless materials 
are prepared for each pebble size. Though the heat 
transfer performances of PPB tubes are much higher than 
that of a circular pipe flow under the same flow velocity 
condition, especially in a laminar flow region, that becomes 
lower under the saJ1le inlet pressure condition. This 
means a large pressure drop of PPB tube, so that it is 
necessary to optimize the packing structure of pebbles to 
reduce the pressure drop. 
Furthermore, in order to elucidate the heat 
transfer mechanism of the PPB tube flow, the flow field is 
visualized with a PlY system. Fig. 2 shows the 
experimental apparatus using water as working fluid. The 
test section is made of an acrylic tube whose inner diameter 
is 56mm and is filled with acrylic spheres with the diameter 
of 27.7mm or 18.5mm. To measure the pressure drop in 
the test section, the Bourdon tube pressure gage is installed 
in the upstream and the downstream sides of the test 
section respectively. Generally, the visualization inside 
the PPB tubes is so difficult due to the existence of pebble 
,spheres. It is, therefore, necessary to match the refractive 
index of working fluid with that of the acrylic spheres to 
visualize the whole flow field in the packed-bed tube. It 
is confirmed that the refractive index of sodium iodide 
solution (Nal) with the concentration of 61-62% at the 
temperature of 298K corresponds to that of the acrylic 
spheres. Through the experiment using this NaI solution, 
the flow structure in the packed-bed tube can be visualized 
by the PlY system. It is clarified that the flow structure 
near the tube-wall is strongly influenced by the flow in the 
center area of tube as shown in Fig. 3. The pressure drop 
shows almost the same tendency given by the experimental 
formula of Ergun even under the larger size pebble 
conditions. 
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Fig. 1 Heat transfer performance ,of pebble tubes 
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Fig.2 Visualization loop for PPB tubes 
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Fig. 3 Flow structure inside the PPB tube (dp=DI2) 
REFERENCE 
, [I] S. Toda, S. Chiba, K. Yuki, et aI., Fusion engineering 
and design, 63-64 (2002), 405-409. 
243 
